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Abstract
The upper bond on the branching ratio for b→ sγ decays implies a stringent lower
bound on the mass of the pseudoscalar Higgs boson of the MSSM if sparticles are heavy.
This leads to an upper bound on the expected event rate in experiments searching for
heavy supersymmetric dark matter. Scenarios with lighter sparticle spectrum and light
pseudoscalar Higgs boson are still possible, but only if µ < 0, which again implies a
small LSP counting rate.
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Recently the CLEO collaboration announced [1] the observation of inclusive b→ sγ decays:
Br(b→ sγ) = (2.32± 0.59) · 10−4, (1)
where the error is purely statistical. Including systematic uncertainties, this corresponds to
the bound
Br(b→ sγ) ≤ 4.2 · 10−4. (2)
Since the systematic uncertainty is large, it is difficult to assign a definite confidence level
to this bound; usually it is treated as an “effective” 95% c.l. upper bound.
In the Standard Model (SM), this decay only proceeds via 1–loop diagrams [2], most of
which involve heavy particles (W and top). The prediction can therefore change significantly
[3] in extensions of the SM that introduce new heavy particles and/or new interactions. In
particular, in the minimal supersymmetric standard model (MSSM), three new classes of
diagrams contribute [4] to this decay: Diagrams involving a charged Higgs boson and an
up–type quark, diagrams with a chargino and an up–type squark, and diagrams with a
neutralino or gluino and a down–type squark; in all cases the dominant contribution comes
from third generation (s)quarks. The Higgs diagrams always add constructively to the SM
contribution, while the contributions from sparticle loops can have either sign.
Diagrams with a gluino or neutralino in the loop are sensitive to the difference in flavor–
mixing in the quark and squark sectors, since only a misalignment of these two sectors can
generate flavor off–diagonal couplings of the type g˜q˜iqj (i 6= j). If one assumes that squarks
are degenerate at some scale, e.g. the Planck or GUT scale, such a misalignment is itself
only produced radiatively. In such models one therefore finds [4] gluino contributions to be
sub–dominant, while neutralino contributions are negligible. For simplicity I will assume
here that the soft SUSY breaking squark masses are degenerate at the weak scale; in this
case the gluino and neutralino contributions to b→ sγ decays vanish.
Both the contributions involving a charged Higgs boson and those from squarks and
charginos become small if the particles in the loop are heavy; the Higgs contribution decou-
ples less quickly, due to a factor logm2H+/m
2
t . In the limit of heavy sparticles only the W
and Higgs contributions survive; in this situation the bound (2) implies [1] a lower bound
on the charged Higgs mass of the order of 300 GeV. In other words, the experimental bound
(2) excludes the possibility to combine a heavy sparticle spectrum with a light Higgs sector.
This has immediate bearing [5] on expectations for event rates in dark matter detection
experiments. These experiments search for relics from the Big Bang era that might make
up the dark matter whose existence has been inferred from the velocity with which objects
like gas clouds circulate around the galaxy (so–called rotation curves). In the MSSM the
lightest supersymmetric particle (LSP) is stable. In most cases it is the lightest neutralino
Z˜1, which for a wide region of parameters has a relic density in the cosmologically interesting
range [6]. In the vicinity of the solar system LSPs that have been captured by our galaxy are
expected to have a velocity v ∼ 10−3c; they can therefore only deposit a few keV of energy
in a detector, which makes their detection quite difficult.
For most detector materials the LSP–nucleus interaction is dominated by the spin–
independent (scalar) contribution to the LSP–nucleon matrix element, since it allows the
LSP to interact coherently with an entire nucleus. In the limit of a non–relativistic LSP
such interactions are [7] due to the t−channel exchange of the neutral scalar Higgs bosons
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h0, H0 of the MSSM, as well as the exchange of squarks in the s− or u−channel; in most
cases the Higgs exchange contributions dominate. Note that quite often the coupling of the
lighter scalar Higgs boson h0 to the LSP is suppressed; the contribution from H0 exchange
can therefore be important even if H0 is significantly heavier than h0. The connection [5]
between b→ sγ decays and LSP counting rates becomes obvious once one realizes the close
connection between the masses of the charged and heavy neutral Higgs bosons; moreover,
the same parameters that determine the masses and couplings of the charginos appearing in
SUSY contributions to b→ sγ decays also determine the mass and couplings of the lightest
neutralino, i.e. the LSP.
This relation is illustrated in Fig. 1, taken from ref.[5]. Here the solid curves show
counting rates in a 76Ge detector [8], while the dashed lines, which refer to the scale to the
right, show the predicted Br(b→ sγ). The upper set of curves is for a quite heavy LSP, of
about 200 GeV; the lower set is for a much lighter sparticle spectrum, with mLSP ≃ 50 GeV.
Fig. 1: Prediction of the dependence of the LSP counting rate in a 76Ge detector (solid lines) and
Br(b→ sγ) (dashed lines) on the mass mP of the pseudoscalar Higgs boson. Results are presented
for mt = 175 GeV and two different sparticle spectra, as indicated. Here, M2 is the mass of the
SU(2) gaugino, µ the higgsino mass parameter, and m the soft breaking squark mass.
We observe that both the LSP counting rate and the branching ratio for radiative b
decays decrease with increasing mass mP of the pseudoscalar Higgs boson. The branching
ratio decreases since increasing mP also increases the mass of the charged Higgs boson, and
the counting rate decreases since increasing mP raises the mass of the heavy neutral Higgs
scalar. Notice that the lower dashed curve falls below the SM expectation of 2.85 · 10−4 for
the branching ratio if mP > 350 GeV; the reason is that for the given choice of parameters
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(negative µ, vanishing soft breaking parameter A) the chargino–squark diagrams have the
opposite sign as the SM and charged Higgs contributions. For the heavy LSP case the
contribution from SUSY loops is almost negligible; the fact that the upper dashed curve is
well above the SM expectation even for mP = 500 GeV illustrates the rather slow decoupling
of the charged Higgs contributions. The bound (2) implies mP ≥ 320 (150) GeV for the
heavy (light) LSP scenario of Fig. 1, which leads to an upper bound on the counting rate of
0.012 (0.015) events/(kg·day).
Fig. 2 shows contours of constant counting rate and constant Br(b→ sγ) in the (M2, µ)
plane, for both signs of µ. In both cases the region underneath the solid line is excluded
by SUSY searches at colliders (region of small M2 or small |µ|), or by the requirement that
the lightest (stop) squark be heavier than the lightest neutralino (small M2, large |µ|); note
that the soft breaking squark mass m = 2mLSP here. Moreover, in the areas enclosed by
the dotted lines (sizable M2 and |µ| ≤ M2/2) the LSP relic density is too small to be of
cosmological interest; here the LSP cannot form the dark matter in galactic haloes. Notice
that requiring a sufficiently large LSP density already excludes a substantial part of the
plane where a counting rate exceeding 0.1 events/(kg·day) could be expected if the local
LSP density were fixed.∗
Imposing the bound (2) further limits the available region of the (M2, µ) plane. For
µ > 0, only the small area aroundM2 = 100 GeV, µ = 450 GeV below the long dashed curve
survives; in particular, the entire region where the counting rate exceeds 0.1 events/(kg·day)
is now excluded. For negative µ the much larger region below and to the right of the long
dashed curve is still viable; however, as we already saw in Fig. 1, the counting rate is always
quite small if µ < 0.
Unfortunately the prediction for Br(b→ sγ) is still quite uncertain, mostly due to un-
known higher–order QCD corrections; experimental errors on CKM matrix elements and the
like also play a role. In ref.[2] this uncertainty has been estimated to be about ±25% in the
SM. The same sources of uncertainty also exist in the MSSM. The long dashed curve in Fig. 2
labelled “low” (µ > 0 only) has been computed by subtracting one theoretical “standard
deviation” from the best estimate, using the formalism of ref.[2]. Only the region below
this curve (at M2 ≃ 120 GeV, µ ≃ 200 GeV) is in conflict with the bound (2) if this lower
theoretical estimate is used. However, when combined with the requirement of a sufficiently
large LSP relic density this still excludes almost the entire region where the counting rate
exceeds 1 event/(kg·day). If this lower theoretical estimate for Br(b→ sγ) is used the entire
half plane with µ < 0 remains viable. It should be mentioned, however, that the bound (2)
is based on a rather conservative treatment of the systematic uncertainties; in particular,
statistical and systematic errors have been added linearly. In my opinion combinations of
parameters which give a central estimate for Br(b→ sγ) that violates the bound (2) while
the lower theoretical estimate does not, are therefore already strongly disfavoured, although
∗In fact, the region of too small relic density is slightly bigger than shown in Fig. 2; narrow strips of
low relic density, where some s−channel LSP annihilation diagram becomes resonant, have been omitted in
these figures in the interest of greater clarity.
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it might be somewhat premature to exclude them altogether.
Fig. 2: Contours of constant LSP counting rate in a 76Ge detector [short dashed lines, in
events/(kg·day)] and of constant Br(b→ sγ) = 4.2 · 10−4 (long dashed lines) in the (M2, µ) plane;
the two long dashed curves for µ > 0 correspond to different theoretical estimates of Br(b→ sγ),
as discussed in the text. The regions enclosed by the dotted lines have too small a relic density for
the LSP to be a good dark matter candidate.
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Finally, it should be mentioned that in “minimal supergravity” models with radiative
gauge symmetry breaking a heavy sparticle spectrum more or less automatically implies
heavy pseudoscalar and charged Higgs bosons; the impact of the bound (2) on the expected
LSP detection rate is therefore weaker in such models [9]. Notice that these models gener-
ally predict a rather low counting rate anyway [7, 9]. However, such models entail several
assumptions about physics at scales well above the weak scale. It is therefore important to
emphasize that now a purely experimental bound forces us to expect rather low rates for
dark matter search experiments if dark matter is indeed made from superparticles.
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